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Gd2O3 nanoparticles (27–60 nm) have been synthesized by the low temperature solution combustion
method using citric acid, urea, glycine and oxalyl dihydrazide (ODH) as fuels in a short time. The struc-
tural and luminescence properties have been carried out using powder X-ray diffraction (PXRD), trans-
mission electron microscopy (TEM), Fourier transform infrared spectroscopy (FT-IR), Raman, UV–Vis,
photoluminescence (PL) and thermoluminescence (TL) techniques. The optical band gap values were esti-
mated for as formed and 800 C calcined samples. The band gap values in as-formed and calcined samples
were found to be in the range 4.89–5.59 eV. It is observed that, the band gap values are lower for as-
formed products and it has been attributed to high degree of structural defects. However, in calcined
samples, structure becomes more order with reduced structure defects. Upon 270 nm excitation, deep
blue UV-band at 390 nm along with blue (420–482 nm), green (532 nm) and red emission (612 nm)
was observed. The 390 nm emission peak may be attributed to recombination of delocalized electron
close to the conduction band with a single charged state of surface oxygen vacancy. TL measurements
were carried out on Gd2O3 prepared by different fuels by irradiating with c-rays (1 kGy). A well resolved
glow peak at 230 C was observed for all the samples. It is observed that TL intensity is found to be higher
in for urea fuel when compared to others. From TL glow curves the kinetic parameters were estimated
using Chen’s peak shape method and results are discussed in detail.
 2012 Elsevier B.V. All rights reserved.ll rights reserved.
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Recent research on luminescent nanomaterials provide chal-
lenges to both fundamental and breakthrough development of
technologies in various areas such as electronics, photonics, dis-
play, lasing, detection, optical ampliﬁcation, ﬂuorescent sensing
in biomedical engineering and environmental control [1–3]. The
rare earth oxides have attracted many researchers, in this respect
due to their fascinating properties such as lower lasing threshold,
high-performance luminescent devices, drug-carrying vehicle, con-
trast agent in Magnetic Resonance Imaging (MRI), up-conversion
materials, catalysts, and time-resolved ﬂuorescence (TRF), labels
for biological detection, etc. Further, Ln2O3 hosts have smaller pho-
non energies which lead to a reduction in non-radiative losses and
hence to increases in the luminescence efﬁciency [4]. It is reported
that at nano scale, the differences in electrical and optical charac-
teristics of very small particles are caused by quantum effects due
to their high surface to volume ratio, which increases the band gap
by reduction of the number of allowable quantum states in the
small particles, and improves surface and interfacial effects [5].
Among rare earth oxides, gadolinium oxide (Gd2O3) is an Ln2O3-
type oxide and it has been extensively studied due to its optoelec-
tronic, data storage, sensor and display applications. However,
when it is doped with rare earth ions, it becomes good phosphor
[6,7]. It has three polymorphic forms, (A, B and C) such as hexago-
nal, monoclinic and cubic, respectively. The C-form structure cubic
bixbyite type is known as the low-temperature form at ordinary
pressures [8].
The rare earth oxides were prepared by various methods it in-
cludes microwave-assisted, solvothermal, hydrothermal, solution
combustion, sol gel, co-precipitation [9–13], etc. Among them,
low temperature solution combustion synthesis is a highly prom-
ising method, for producing the desired phase in a very short time,
at low cost and using simple equipment. Through the combustion
method it is also possible to achieve a better control of stoichiom-
etry and particulate properties of the ﬁnal product. Typically, the
combustion process involves a self-propagating, gas producing,
exothermic redox reaction between the corresponding metal ni-
trate and a suitable organic fuel that results in the desired prod-
ucts. Different organic compounds, such as citric acid, urea,
glycine, carbohydrazide, oxalyl dihydrazide, etc., have been used
as fuels for combustion synthesis. Glycine consisting of the –NH2
group is a more reactive fuel than citric acid containing –OH and
–COOH groups. The combustion reactions with citric acid are less
violent and more controllable due to its weak exothermic nature.
On the other hand, glycine with higher heat of combustion and it
is more violent and difﬁcult to control. To achieve the desired com-
bustion reaction, the redox mixtures need to be carefully formu-
lated for example fuel to oxidizer ratio (F/O), initial furnace
temperature, nature of fuels and quantity of the initial precursor.
The objective of this work is to study the effect of different fuels
on Gd2O3 nanoparticles and to investigate their structural and
luminescent properties by using various spectroscopic techniques
such as powder X-ray diffraction (PXRD), transmission electron
microscopy (TEM), Fourier transform infrared spectroscopy (FT-
IR), Raman, UV–Vis, photoluminescence (PL) and thermolumines-
cence (TL) techniques.Experimental
Chemicals used
The starting materials used for preparation of Gd2O3 nanoparti-
cles were of analar grade. Gadolinium nitrite (Gd(NO3)3) used as
oxidizer and citric acid (C6H8O7), urea (NH2CONH2), glycine(C H NO ) and oxalyl dihydrazide (ODH; C H N O ) were used as
fuels for low temperature solution combustion synthesis. The
ODH fuel was prepared in our laboratory and detailed synthesis
procedure was given elsewhere [14].Synthesis of Gd2O3
An aqueous solution containing stoichiometric amounts of gad-
olinium nitrite and fuel (citric acid/urea/glycine/ODH) were taken
in a crystalline Petri dish of 300 ml capacity. The excess water
is allowed to evaporate by heating over a hot plate until a wet
powder is left out. Then the crystalline Petri dish is introduced into
a pre heated mufﬂe furnace maintained at 300 ± 10 C. The reac-
tion mixture undergoes thermal dehydration and ignites at one
spot with liberation of gaseous products such as oxides of nitrogen
and carbon. The combustion propagates throughout the reaction
mixture without further need of any external heating, as the heat
of the reaction is sufﬁcient for the decomposition of the redox mix-
ture. The ﬂame temperature was found to be 1000 C and it was
measured by an optical pyrometer placed inside the crystalline
petri dish without touching the solution. The ﬂow chart for the
synthesis of Gd2O3 is given in Fig. 1. The theoretical equations (F/
O = 1.0) for the formation of Gd2O3 nanoparticles using different
fuels can be represented by the following reactions:
Citric acid : 2GdðNO3Þ3 þ C6H8O7
! Gd2O3 þ 6CO2 þ 4H2O
þ 3N2;13:0 moles of gases=mol of Gd2O3 ð1ÞUrea : 2GdðNO3Þ3 þ CH4N2O
! Gd2O3 þ CO2 þ 2H2O
þ 4N2;7:0 moles of gases=mol of Gd2O3 ð2ÞGlycine : 2GdðNO3Þ3 þ 2C2H5NO2
! Gd2O3 þ 4CO2 þ 5H2O
þ 4N2;13:0 moles of gases=mol of Gd2O3 ð3ÞODH : 2GdðNO3Þ3 þ C2H6N4O2
! Gd2O3 þ 2CO2 þ 3H2O
þ 5N2;10:0 moles of gases=mol of Gd2O3 ð4Þ
The water of hydration of gadolinium nitrate is neglected, as they
are dissolved in water. The liberation of gaseous products during
combustion reaction increased the surface area of the powder prod-
uct by creating micro and nanoporous regions.
The phase of the combustion derived products were character-
ized by using powder X-ray diffractometer (PANalytical X0Pert Pro)
using CuKa (1.541 Å) radiation with a nickel ﬁlter. Transmission
Electron Microscopy (TEM) analysis was performed on a Hitachi
H-8100 (accelerating voltage up to 200 kV, LaB6 ﬁlament). The
FT-IR studies have been performed on a Perkin Elmer Spectrometer
(Spectrum 1000) with KBr pellets. The UV–Vis absorption of the
samples was recorded on SL 159 ELICO UV–Vis Spectrophotometer.
The photoluminescence (PL) measurements was performed on a
Shimadzu Spectroﬂourimeter (Model RF 510) equipped with
150W Xenon lamp as an excitation source. Raman studies were
carried out on Renishaw In-via Raman spectrometer with 633 nm
He–Cd laser and a Leica DMLM optical microscope equipped with
50 objective, thus providing a laser spot of 2 lm in diameter.
TL measurements were carried out at room temperature using
Nucleonix TL reader using Co-60 gamma source as excitation for
a dose of 1kGy. All measurements were carried out at room tem-
Fig. 1. Flow chart for the synthesis of Gd2O3 using different fuels.
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Fig. 2. PXRD patterns of as-formed Gd2O3 nanoparticles prepared by using (a) citric
acid (b) urea (c) glycine and (d) ODH fuels (B-monoclinic Gd2O3, C-cubic Gd2O3).
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Fig. 3. PXRD patterns of Gd2O3 nanoparticles prepared by different fuels (a) citric
acid (b) urea (c) glycine and (d) ODH.
534 N. Dhananjaya et al. / Spectrochimica Acta Part A: Molecular and Biomolecular Spectroscopy 96 (2012) 532–540perature (RT) with constant heating rate and equal quantity of
sample.
Results and discussion
Powder X-ray diffraction (PXRD)
The PXRD patterns of the as-formed and calcined (800 C for
3 h) Gd2O3 samples prepared by different fuels are shown in Figs. 2
and 3, respectively. The PXRD proﬁles of Gd2O3 nanoparticles pre-
pared by citric acid and urea fuels show amorphous phase,
whereas the particles prepared with glycine and ODH fuels show
monoclinic phase [C2/m (12)] ((JCPDS 43-1015). Upon calcination
at 800 C for 3 h Gd2O3 nanoparticles prepared by citric acid and
urea fuels can be readily indexed to a pure cubic phase of Gd2O3
[Ia3 (206)] with lattice constant a = 10.809(9) Å. The number of
gaseous molecules liberated per mole of the product formed play
an important role in solution combustion process. As the number
of moles of gases liberated during combustion reaction increases
the ﬁre retention time increases and exothermicity of the reaction
also enhanced. In case of urea fuel, only 7.0 moles of gaseous prod-
ucts are liberated therefore it leads to amorphous product.
Although the number of gaseous molecules liberated in glycine
and citric acid is same, citric acid fuel produces amorphous product
because of mild combustion nature. The diffraction patterns are
well matched with standard JCPDS card no. 86-2477 [15]. A dom-
inant cubic phase along with little monoclinic phase was observed
in glycine fuel. Whereas in ODH fuel dominant monoclinic phase
with little cubic phase was observed. The diffraction patterns are
in well agreement with the literature [16,2]. No impurity peaks
or other possible phases of Gd2O3 are observed. Further, the strong
and sharp diffraction peaks conﬁrm the high crystallinity of the
products.
Lattice parameter (a) for cubic Gd2O3 was calculated by the fol-
lowing relation:
d ¼ aﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃ
h2 þ k2 þ l2
p ð5Þ
a refers to the Gd2O3 lattice parameter, and h, k, l are the crystalline
face indexes while d is the crystalline face space. The estimated lat-
tice parameter ‘a’ was found to be 10.7675, 10.7602 and 10.7709 Å
in citric acid, urea and glycine fuels, respectively. These values are
in well agreement with those reported in literature [17].The average crystallite size (D) of the calcined Gd2O3 nanopar-
ticles prepared by different fuels was estimated from the full width
at half maximum (FWHM) of the diffraction peaks using Debye–
Scherrer’s method [18]. It is found that the average crystallite size
in calcined Gd2O3 with different fuels vary from 25 to 55 nm.
Table 1
Estimated parameters of Gd2O3 nanoparticles using different fuels.
Fuel Band gap (eV) Crystallite size (nm) for
calcined samples
Strain (10-4)
As-formed
Gd2O3
Calcined
Gd2O3
Debye–
Scherrer’s
method (D)
Williamson
and Hall
method (D0)
Citric acid 5.43 5.59 30.62 43.78 0.52
Urea 4.94 5.34 27.64 39.29 8.44
Glycine 4.97 5.53 31.58 44.10 6.90
ODH 4.89 5.23 50.39 63.42 0.46
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Fig. 5. Variation of crystallite size and strain with different fuels.
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ferent fuels was estimated using the Williamson and Hall (W–H)
method [19]:
b cos h ¼ 0:9k
D0
þ 4e sin h ð6Þ
where e is the strain associated with the nanoparticle Eq. (6) repre-
sents a straight line between 4sinh (X-axis) and bcosh (Y-axis). The
slope of line gives the strain (e) and intercept (0.9k/D0) of this line on
Y-axis gives crystallites size (D0). Fig. 4 shows the W–H plots of all
the fuels. The estimated parameters are listed in Table 1. As it can
be seen from Table 1, the strain observed to be more in urea and
glycine fuels when compared to citric acid and ODH fuels. The var-
iation of crystallite size and strain with different fuels was studied
and shown in Fig. 5. It is observed that, the crystallite size is lesser
in urea fuel when compared to other fuels. Since urea fuel is less
exothermic in nature when compared to glycine and ODH fuels.
As a result sintering of the particles takes place which results in
higher crystallite size.
Rietveld method was applied mainly for the purpose of evaluat-
ing unit cell parameters of the samples. In order to estimate the ac-
tual cell parameters Rietveld reﬁnement performed on the Gd2O3
nanoparticles for citric acid and urea fuels (Fig. 6). The Rietveld
reﬁnement is a method in which the proﬁle intensities obtained
from step-scanning measurements of the particles allow to esti-
mate an approximate structural model for the real structure. In
our work, the Rietveld reﬁnement was performed through the
FULLPROF program [20,21]. We utilize the psedo-voigt function
in order to ﬁt the several parameters to the data point: one scale
factor, one zero shifting, four back ground, three cell parameters,
ﬁve shape and width of the peaks, one global thermal factors and
two asymmetric factors. A typical analysis of the Gd2O3 nanoparti-
cles for citric acid and urea fuels are in Fig. 6 presents the experi-
mental and calculated PXRD patterns obtained by the Rietveld
reﬁnement. The packing diagram of corresponding Gd2O3 nanopar-
ticles for citric acid fuel after Rietveld reﬁnement is shown in Fig. 7.
The reﬁned parameters such as occupancy and atomic functional
positions of the Gd2O3 nanoparticles are summarized in Table 2.
The ﬁtting parameters (Rp, Rwp and v2) indicate a good agreement
between the reﬁned and observed PXRD patterns for the Gd2O3
nanoparticles.
Transmission electron microscopy (TEM)
TEM images of Gd2O3 nanoparticles prepared by different fuels
are shown in Fig. 8(a)–(d). Quasi-hexagonal shaped particles hav-1.0 1.2 1.4 1.6 1.8 2.0
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Fig. 4. Williamson–Hall plots of Gd2O3 nanoparticles prepared by different fuels (a)
citric acid (b) urea (c) glycine and (d) ODH, calcined at 800 C.ing average size in the range of 20–55 nm were observed in urea
glycine and ODH samples. However, in citric acid, the particles ob-
served to be almost spherical in shape having the size in the range
of 20–60 nm. This was also conﬁrmed by Debye–Scherrer’s equa-
tion and W–H plots. Hence, it can be concluded that the obtained
particles nanocrystalline in nature.
Fourier transform infrared spectrum (FTIR)
The formation and purity of the products were further con-
ﬁrmed by FTIR spectroscopy and results are depicted in Fig. 9(a)–
(d). The strong absorption peak near 540 cm1 is associated with
the vibration of the Gd–O bond [22]. Further, the absorption bands
in the range 1300–1600 cm1 responsible for CO23 anion groups
and the absorption peak at 3410 cm1 due to H2O, which normally
nanocrystalline materials absorb from the environment due to its
high surface-to-volume ratio. On the basis of FTIR results it can
be further inferred that the powders are essentially free of the ni-
trate-group (2213–2034 cm1). We found no more signiﬁcant dif-
ference in FTIR spectra. As similar to PXRD results, FT-IR studies
show no other trace or impurity in the ﬁnal powder and that it is
pure and crystalline.
Raman spectroscopy
Raman spectroscopy is highly informative to elucidate the
structure of the synthesized sample. Fig. 10 shows the Raman
spectra of Gd2O3 prepared by different fuels recorded at room
temperature with an excitation wavelength of 633 nm He–Cd
laser. A broad and intense Raman peak at 325 cm1 along with less
Fig. 6. Reitveld reﬁnement of cubic Gd2O3 nanoparticles prepared by (a) citric acid
and (b) urea fuels.
Fig. 7. Packing diagram of cubic Gd2O3 prepared by citric acid fuel.
Table 2
Rietveld reﬁned structural parameters of cubic Gd2O3 nanoparticles using citric acid
and urea as a fuel.
Fuels Citric acid Urea
Crystal system Cubic Cubic
Space group Ia-3(206) Ia-3(206)
Lattice parameter (Å) a = 10.820(2) a = 10.827(3)
Cell volume (Å3) 1266.70(3) 1269.11(6)
Gd1 (8b) (8b)
x 0.2500 0.2500
y 0.2500 0.2500
z 0.2500 0.2500
Gd2 (24d) (24d)
x 0.0304(3) 0.0276(6)
y 0.0000 0.0000
z 0.2500 0.2500
O1 (48e) (48e)
x 0.3937(3) 0.3927(4)
y 0.1518(3) 0.1603(4)
z 0.3825(3) 0.3844(4)
R-factors
Rp 10.8 11.7
Rwp 15.0 15.5
RBragg 5.82 7.97
RF 4.83 6.84
v2 0.88 0.93
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peak at 481 cm1 has been assigned as the Ag mode, which is
attributed as the hexagonal B-type structure of Gd2O3 [23]. The
peak at 360 cm1 has been assigned to the combination of Fg and
Eg modes and this peak is mainly attributed to the cubic C-type
Gd2O3 structure. These peaks are in good agreement with those re-
ported in the literature [24]. Dilawar et al. [25] studied the Raman
measurements of various commercially available spectroscopic
grade rare-earth sesquioxides. They observed four Raman peaks
at 307, 364, 421 and 468 cm1 in C-type Gd2O3 structure. Accord-
ing to the factor group theory investigations [26], 22 Raman modes
have been predicted for the C-type bixbyite structures rare-earth
sesquioxides. These are expected to be 4Ag, 4Eg and 14Fg Raman ac-
tive modes. In the present study, some of the Raman peaks were
not recorded from the literature [25]. This might be attributed sev-
eral conditions such as method of preparation, type of phase for-
mation, impurity present in the sample, etc.
Further, the crystallite size of the Gd2O3 nanoparticles prepared
by different fuels was also estimated from the Raman line broaden-
ing using the equation [23]:
C ðcm1Þ ¼ 10þ 124:7
DR
ð7Þ
whereC (cm1) is the full-width at half-maximum of the Raman ac-
tive mode peak and DR is the crystallite size of a Gd2O3 particles. By
substituting C (cm1) = 461 cm1 in the above equation, the crys-tallite size of the Gd2O3 particles for different fuels were estimated
and are found to be in the range 27–70 nm. The calculated crystal-
lite sizes are well comparable to those obtained by W–H plots and
Debye–Scherrer’s formula.UV–Vis spectroscopy and band gap (Eg) measurements
UV–Vis spectra of as-formed and calcined at 800 C Gd2O3
nanoparticles prepared by different fuels are shown in inset of
Figs. 11 and 12. Two absorption peaks at 243 nm (sharp) and
Fig. 8. TEM micrographs of Gd2O3 nanoparticles prepared by (a) citric acid (b) urea (c) glycine and (d) ODH fuels.
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imum absorption (243 nm), which can arise due to transition be-
tween valence band and conduction band [27]. The weak
absorption (304 nm) in the UV–Vis region is expected to arise
from transitions involving extrinsic states such as surface traps/de-
fect states/impurities [28]. Smaller size particles are found to have
high surface to volume ratio. This results in increase of defects dis-
tribution on the surface of nanomaterials. Thus the lower is the
particle size; nanomaterials exhibit strong and broad absorption
bands [29]. Further, the broad absorption peak at 304 nm might
be attributed to 8S7=2 ! 6P7=2 transitions and to the sharp absorp-
tion peak at 243 nm is a characteristic for all Gd2O3 particles
which may be attributed to 8S7=2 ! 6IJ=2.The optical band gap energy (Eg) was estimated usingWood and
Tauc relation [30] given by,
ðahmÞaðht EgÞ1=n ð8Þ
where ‘a’ is the absorption coefﬁcient, ht the photon energy, Eg the
energy gap and n = 2 for direct allowed transition. Eq. (8) for any en-
ergy can be rearranged and written in the form
ðahtÞ2aðht EgÞ ð9Þ
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Fig. 11. Energy band gap of as-formed Gd2O3 nanoparticles prepared by (a) citric acid (b) urea (c) glycine and (d) ODH fuels. (Inset: Corresponding UV–Vis absorption spectra
of Gd2O3 prepared by different fuels.)
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ing the intercept on the ht axis by extrapolating the plot to
(aht)2 = 0 as shown in Figs. 11 and 12. The band gap in amorphous
samples is less whereas in calcined samples, the band gap (5.0–
5.6 eV) is well matched with the literature [8].
A plausible explanation for the variations observed on the Eg
values can be related to the degree of structural order-disorder into
the lattice, which is able to change the intermediary energy level
distribution within the band gap. Optical band gap behavior of
materials in amorphous state or with a high degree of structural
defects, while the particles calcined showmore ordered. On the ba-
sis of this information, if the structure becomes more ordered withthe heat treatment temperature, i.e., when the concentration of
structural defects (oxygen vacancies, distortions and/or strains in
the lattice) is reduced, the presence of intermediary energy levels
(deep and shallow holes) is minimized within the optical band
gap of all the samples and consequently the Eg values increase.
As it can be seen in Table 1, the Eg values mainly depends on the
preparation methods and the experimental conditions (heat treat-
ment temperature and processing time). In particular, these key
factors can favor or inhibit the formation of structural defects,
which are able to control the degree of structural order–disorder
of the material and consequently, the number of intermediary en-
ergy levels within the band gap. It was observed that the optical
50
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in the lattice or variations on the structural order-disorder degree.
Table 1 shows a comparison between the optical band gap values
of Gd2O3 nanoparticles in as-formed and calcined samples.
Photoluminescence (PL)
It is known that lanthanide oxides are ideal hosts for photolu-
minescence [31,32] and pure lanthanide oxides seldom radiate
luminescence according to luminescence theory of rare-earth
atoms [33]. However, during our photoluminescence experiments
at room temperature (Fig. 13), a series of emission bands were ob-
served in UV (366 nm), blue (420–482 nm), green (532 nm) and
red (612 nm) excited at 270 nm. The broad emission peak at
366 nm in UV region is attributed to radiative recombination of
photo-generated hole with an electron occupying the oxygen va-
cancy. The 482 nm emission peak is attributed to self-trapped exci-
ton luminescence [34]. Umesh et al [35] studied PL of Nd2O3
nanoparticles prepared by combustion and hydrothermal methods.
A series of emission bands were observed in UV (326–373), deep
blue UV band (397 nm), blue (421–485), green (529–542 nm)
and red (622 nm). The blue, green and red emissions which are
attributed to surface defects like Schottky and Frankel exist in
the lattice. The deep blue UV-band band may attribute to recombi-
nation of a delocalized electron close to the conduction band with a
single charged state of surface oxygen vacancy, according to
Wang’s proposal [36]. The PL peaks in UV, blue, green and red
emission indicates that Gd2O3 nanocrystals are highly promising
materials for optical materials and white light emitting diodes
(LED). Chandrasekhar et al. [37] studied PL of Dy2O3 nanomaterials
excited at 341 nm. Two PL emission bands at 405 and 421 nmwere
observed in sugar and ODH fuels. Further, same authors recorded
PL of Dy(OH)3 and Dy2O3 nanomaterials by hydrothermal method
excited at 300 nm [38]. Three emission bands at 405, 421 and
480 nm were recorded. The 480 nm emission peak was attributed
to self-trapped exciton luminescence. Further, it is observed that,
well deﬁned emission peaks are recorded for ODH fuel when com-
pared to other fuels.
Thermoluminescence (TL)
Thermoluminescence (TL) is a well-established and very sensi-
tive technique for estimating the concentration of luminescent
centers in solids. TL yield gives information about the concentra-
tion of luminescent centers, whereas TL emission reveals the nat-
ure of traps (defect centers) created in solids. TL yield and the300 400 500 600 700
0
200
400
600
800
λ
exci = 270 nm
Wavelength (nm)
PL
 
In
te
n
si
ty
 (a
rb
. u
n
its
)
Citric acid
Urea
Glycine
ODH
366 nm
420 nm
482 nm
532 nm
612 nm
390 nm
Gd2O3
Fig. 13. PL emission spectra of Gd2O3 nanoparticles prepared by different fuels
excited at a wavelength of 270 nm.shape of TL glow curves vary with the amount and nature of ioniz-
ing radiation used for irradiation of materials. It is known that the
TL process in material is in general related to the defect centers
created due to ionizing radiation. TL investigations have also
shown that defect centers play an important role in TL. The forma-
tion and the stability of the defect centers depend on the method of
preparation and type of dopants [39,40].
Fig. 14 shows the TL glow curves of Gd2O3 nanoparticles ex-
posed to 1 kGy gamma rays from a 60Co source. A well resolved
glow peak at 230 C was observed at a heating rate of 5 C s1.
The appearance of single glow peak indicates that possibly a single
defect might be present due to gamma irradiation. The shallow
trapping center leads to the lower temperature peak (224 C) and
the other deeper center gives rise to sharp peak at higher temper-
ature (285 C).
The variation of TL intensity with different fuels was studied by
irradiating the samples at 1 kGy. It is observed that TL intensity is
found to be more in urea fuel when compared to other three fuels
which are shown in the inset of Fig. 14. Further, it is observed that
the TL glow peak is well deﬁned in urea, citric acid and glycine
fuels. Where as in, ODH fuel the glow peak is ﬂat with less
intensity.
In radiation dosimetry, efﬁciency and linearity with dose is
highly useful. Therefore selection of the right fuels, possibly en-
hance the TL properties which is further deciding the usage of
the material in different ﬁelds of dosimetry. These studies are un-
der progress.
TL characteristic of the material requires the knowledge of trap-
ping parameters such as activation energy (E) of the traps involved
in TL emission and the order of kinetics (b) associated with the
glow peaks. The trapping parameters were estimated using Chen’s
set of empirical equations [41]. The activation energy (E) and the
order of kinetics was estimated using the following relations
Ea ¼ ca kT
2
m
a
 !
 bað2kTmÞ ð10Þ
where a = s, d and x with s = Tm  T1, d = T2  Tm and x = T2  T1
Cs ¼ 1:51þ 3:0ðlg  0:42Þ; bs ¼ 1:58þ 4:2ðlg  0:42Þ
Cd ¼ 0:976þ 7:3ðlg  0:42Þ; bd ¼ 0 Cx
¼ 2:52þ 10:2ðlg  0:42Þ; bx ¼ 1
The form factor (symmetry factor; lg) is given by80 120 160 200 240 280
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Table 3
Trapping parameters for Gd2O3 nanoparticles prepared by different fuels at a heating
rate of 5 Cs1.
Fuel Tm (C) b E (eV) s (s1)
Citric acid 232 2(0.48) 0.665 3.3E+07
Urea 233 2(0.50) 0.677 4.3E+07
Glycine 230 2(0.48) 0.893 9.7E+09
ODH 230 2(0.48) 0.920 1.9E+10
540 N. Dhananjaya et al. / Spectrochimica Acta Part A: Molecular and Biomolecular Spectroscopy 96 (2012) 532–540lg ¼
T2  Tm
T2  T1 ð11Þ
The nature of the kinetics can be found by the form factor. The trap-
ping parameters of Gd2O3 obtained using peak shape method irra-
diated with 1kGy c-dose is given in Table 3. Theoretically, the
value of geometrical form factor (lg) is close to 0.42 for ﬁrst order
kinetics and 0.52 for second order kinetics. In the present study,
the value of lg is very close to 0.52 and it falls under second order
kinetics.
Once the activation energy (E) and order of kinetics (b) were
determined, the frequency factor (s) was calculated from the
equation
bE
kT2m
¼ s exp E
kT2m
( )
½1þ ðb 1ÞDm ð12Þ
where D ¼ 2kTE ;Dm ¼ 2kTmE and b is the linear heating rate and k is
Boltzmann constant (8.6  105 eV K1). The trapping parameters
(E, b, s) for Gd2O3 prepared by using different fuels are estimated
and shown in Table. 3.
4. Conclusions
The results show that fuel type is inﬂuential on the phase for-
mation and properties of the resultant powders. There are con-
ﬁrmed by powder X-ray diffraction studies. The particle size
estimated from Debye–Scherrer’s, W–H and Raman methods was
well comparable to TEM results. The estimated parameters from
theoretical equation are in well agreement to that of Reitveld
reﬁnement. A series of emission bands were observed in UV
(326 nm), blue (420–482 nm), green (532 nm) and red (612 nm)
excited at 270 nm. The broad emission peak at 366 nm in UV re-
gion is attributed to radiative recombination of photo-generated
hole with an electron occupying the oxygen vacancy. The 482 nm
emission peak is attributed to self-trapped exciton luminescence.
The PL peaks in UV, blue, green and red emission indicates that
Gd2O3 nanoparticles are highly promising materials for optical
materials and white light emitting diodes (LED). The band gaps
in amorphous samples are less whereas in calcined samples, the
band gap is found to be in the range 4.89–5.59 eV. A deep UV-band
390 nm emission peak was observed for all the samples. A single
TL glow peak at 230 C was observed for all the samples c-irradi-
ated for 1 kGy. The 230 C peak in urea show simple glow peak
shape with simple trap dislocation and may be useful for radiation
dosimetry. The activation energy and frequency factor was esti-
mated using Chen’s equations and observed to be 0.66–0.92 eV
and 3.3  107–1.9  1010 (s1).
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